In countries where leishmaniasis is endemic, there are not very many treatment alternatives and most options have problems associated with their use. Plants and their natural products constitute good sources of interesting lead compounds that could be potentially active against Leishmania. Chenopodium ambrosioides is a plant that is widely used in popular medicine and its antiparasitic effects have been documented, including the antileishmanial potentialities of Chenopodium oil. The objective of this study was to determine the chemical composition, in-vitro cytotoxicity and antileishmanial activity of essential oils extracted from C. ambrosioides, which received different treatments prior to extraction. The chemical characterization by GC-MS of the three essential oil samples showed similar composition and the major components were α-terpinene (17.0-20.7%), p-cymene (20.2-21.1%) and ascaridole (30.5-47.1%). The essential oils exhibited similar antileishmanial activities against intracellular amastigote form, with IC 50 values between 4.7 and 12.4 μg/mL. However, a lower cytotoxicity was displayed by the essential oil extracted from fresh green vegetable material, which was statistically different (P < 0.05) from the other samples. This study demonstrated that the prior treatment of plant material did not interfere with the antiparasitic activity of essential oils from C. ambrosioides but did change their cytotoxicity, which should be taken into account in further studies.
Parasitic protozoa of the genus Leishmania are the etiological agents of leishmaniasis, a disease distributed worldwide with a broad spectrum of clinical manifestations according to the causative species and immunological status of host. Current leishmaniasis chemotherapy is mainly based on the systemic administration of pentavalent antimonials or amphotericin B, with several adverse side effects and emerging parasite resistance [1] . Miltefosine has been approved for treatment of visceral leishmaniasis [2] , but its efficacy in the treatment of American cutaneous leishmaniasis has been shown to be variable depending on the causative species [3] . Therefore, new alternatives for the treatment of leishmaniasis are greatly needed.
In countries where leishmaniasis is endemic, there are generally few drug treatment alternatives and most options have problems associated with their use. Plants and their natural products constitute good sources of interesting lead compounds that could be potentially active against Leishmania [4] . Essential oils from aromatic plants such as Cymbopogon citratus [5] , Ocimum gratissimum [6] , Achillea millefolium [7] and Croton macrostachyus [8] have exhibited antileishmanial potentialities.
In previous studies, we reported that the essential oil from Chenopodium ambrosioides L. (Chenopodiaceae) was effective against promastigotes and intracellular amastigotes of Leishmania amazonensis [9] , as well as against experimental cutaneous leishmaniasis caused by the same species of Leishmania after administration by intraperitoneal and oral routes [10] . With the aim to maintain or increase the antiparasitic activity of the essential oil and decrease the toxicity, we determined the chemical composition, in-vitro cytotoxicity and antileishmanial activity of three essential oils extracted from C. ambrosioides that received different treatments prior to extraction procedures.
C. ambrosioides are plants widely used in popular medicine [11] and their antiparasitic effects have been documented [12] . Previous studies performed in our laboratory demonstrated the antileishmanial potentialities of Chenopodium oil [13] . In this study, the plant material was subjected to different treatments before the extraction of essential oil. The chemical composition, cytotoxicity and antileishmanial activity of each sample was determined. The composition of the essential oil was determined by GC-MS and the major components were identified (Table  1) . The essential oils examined from C. ambrosioides were made up of complex mixtures of compounds. In general, the essential oils showed similar composition, although unidentified components were more prevalent in samples C1 and C3. α-Terpinene (17.0-20.7%), p-cymene (20.2-21.1%) and ascaridole (30.5-47.1%) were the main components and the quantities of the major components were comparable, except for ascaridole, which was higher in C2. The chemical composition of these samples differed markedly from other essential oils from C. ambrosioides studied in Cuba, which were composed primarily of α-terpinyl acetate [14] or carvacrol [9] . These results can corroborate that geographical and seasonal collection of vegetative samples can result in high differences in chemical composition. The C. ambrosioides essential oils in this current study can be classified as ascaridole-rich [15] , analogous to samples from the United States [16] , Madagascar [17] and Brazil [18] . Additional chemotypes of C. ambrosioides based on α-terpinene have been reported from Nigeria [15] and India [19] , while p-cymene chemotypes were reported from Cameroon [20], limonenerich chemotypes have been found in Spain [21] and Mexico [22] , and a pinocarvone/α-pinene chemotype originated from Japan [23] .
The treatment of murine macrophages infected with L. amazonensis showed that all samples of essential oil inhibited parasite growth ( Table 2 ). In addition, uninfected murine macrophages were also treated to determine safety and selectivity. The samples showed similar antileishmanial activity (P > 0.05) against the amastigote form. However, lower cytotoxicity was displayed by the C1 sample, which was statistically different (P < 0.05) from the other samples.
The results showed that prior treatment of the plant material did not affect the antileishmanial activity, but some influence in the cytotoxic effects was observed. We hypothesized that the antileishmanial activity caused by the different samples can be can be attributed to the action of ascaridole, which has been recognized as the main active constituent of C. ambrosioides oil [24] . However, the toxicity can be caused by the different compounds present in the essential oil or the interaction between them.
A previous study has shown that ascaridole forms a highly reactive carbon-centered free radical [25] . It may be that carvacrol, through its phenolic hydroxyl group, serves to attenuate the cytotoxic activity of ascaridole by scavenging the free radical [26] . The sample C3 contains the higher content of carvacrol (4.2%), which can react with excess free radicals and as a consequence, diminish potential freeradical damage. Currently, toxicities of natural products have limited the development of some components as conventional treatments. This is particularly true in the case of C. ambrosioides, the use of which has declined or been abolished as commercial products due to side effects, possible due to the high ascaridole content [11d].
The samples collected in this current study also showed antileishmanial activity as previously reported to L. amazonensis (IC 50 = 4.6 µg/mL) [9] , which suggests that Cuban C. ambrosioides is a potential antiparasitic phytomedicine. Nevertheless, notable differences were observed between the cytotoxicity displayed in present study (CC 50 = 335.7 µg/mL) and that reported previously (CC 50 = 58.8 µg/mL) [9] . This apparent contradiction can be attributed to the chemical compositions, which maintain similar ascaridole concentrations, but with very different other constituents. The previous samples contained a high percentage of carvacrol (62%), which has been reported as toxic, and caryophyllene oxide (5%), which also displayed a high toxicity [9, 25] .
This study demonstrated that the treatment of the plant sample did not interfere with the antiparasitic activity of essential oil from C. ambrosioides but did change the toxicity. The essential oil extracted from freshly collected green plant samples showed a better potential therapeutic index according the in-vitro parasiticidal/cytotoxicity balance. Further studies comparing chemical compositions, cytotoxicity and antileishmanial activities of samples collected in the same seasons and geographical areas can be useful to standardize the essential oil as the active principle of new alternative treatments. In parallel, the effects of ascaridole/carvacrol concentration ratios would be interesting to explore.
Experimental
Essential oil from C. ambrosioides: C. ambrosioides was collected in April 2010, in "La Cumcubina", La Havana, Cuba. A specimen was deposited in the Experimental Station of Medicinal Plants "Dr. Juan Tomás Roig", Havana City, Cuba, with voucher specimen (No. 4639). The plant material was divided in three parts and received different treatments. One sample was processed in the moment as green material (C1), the second sample was allowed to dry at room temperature (C2) and the third sample was fermented in water for 3 days (C3). The essential oil from each sample was obtained by hydrodistillation, under laboratory conditions, of the aerial parts of the plant, using a Clevenger apparatus.
Gas Chromatography -Mass Spectrometry:
The C. ambrosioides essential oils were analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector [MSD, operated in the EI mode (electron energy = 70 eV), scan range = 45-400 amu, and scan rate = 3.99 scans/sec], and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary with a (5% phenyl)-polymethylsiloxane stationary phase, film thickness of 0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 48.7 kPa and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and interface temperature was 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold for 10 min; increased at 3°C/min to 200°C; increased 2°/min to 220°C. A 1 % w/v solution of the sample in dichloromethane was prepared and 1 μL was injected using a splitless injection technique. Identification of the oil components was based on their retention indices determined by reference to a homologous series of nalkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [27] and stored on the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.080]. The percentages of each component are reported as raw percentages based on total ion current without standardization. The essential oil compositions of C. ambrosioides are summarized in Table 1 .
Reference Drug:
As a drug of reference, we used amphotericin B (IMEFA, Havana City, Cuba) at a concentration of 2 mg/mL. The drug was diluted in sterile distilled water.
Parasite Cultures: L. amazonensis (MHOM/77BR/ LTB0016) was kindly provided by the Department of Immunology, Oswaldo Cruz Foundation (FIOCRUZ), Brazil. Parasites were routinely isolated from mouse lesions and maintained as promastigotes at 26ºC in Schneider's medium (SIGMA, St. Louis, MO, USA) containing 10% heat-inactivated fetal bovine serum (HFBS) (SIGMA, St. Louis, MO, USA), 100 μg of streptomycin/mL, and 100 U of penicillin/mL. The parasites were used after three in-vitro passages.
Animals:
Female BALB/c mice, with a body weight of approximately 20 to 22 g, were obtained from The National Centre of Laboratory Animals Production (CENPALAB) and maintained according to "Guideline on the Care and Use of Laboratory Animals". The temperature and humidity were controlled, with 12 h light/dark cycle and given water and food ad libitum for all animals.
Antipromastigote Activity: Eleven concentrations of the essential oils were assayed in quadruplicate. Exponentially growing cells (10 5 promastigotes/mL in 199 μL) were distributed in 96-well plates. One microliter of each essential oil dissolved in DMSO or 1 μL of DMSO for control was added and then incubated at 26ºC for 72 h. After 3 days of exposure, the parasites were incubated at 37ºC for 3 h with p-nitrophenyl phosphate (20 mg/mL) dissolved in 1 M sodium acetate buffer (BDH, Poole, England) at pH 5.5, with 1% Triton X-100 (BDH, Poole, England). The absorbance was determined in an EMS Reader MF Version 2.4-0 at a wavelength of 405 nm. The 50% inhibitory concentration (IC 50 ) was obtained from dose-response curves fit to data by means of the equation for the sigmoidal Emax model [28] .
Antiamastigote Activity: The activity of the essential oil against intracellular amastigotes was evaluated as described previously [29] . The peritoneal macrophages were harvested and plated at 10 6 /mL in 24-Well Lab-Tek (Costar ® , USA) and incubated at 37ºC under an atmosphere of 5% CO 2 for 2h. Non-adherent cells were removed by washing with pre-warmed phosphate-buffered saline (PBS). Stationary-phase L. amazonensis promastigotes were added at a 4:1 parasite/macrophage ratio, and the cultures were incubated for an additional 4 h. The cell monolayers were washed three times with prewarmed PBS to remove free parasites. Then, 999 μL of RPMI completed medium and 1 μL of the different samples dissolved in DMSO, at a final concentration between 30 to 1 μg/mL, were added in duplicate and incubated for 48 h. The parasites were then fixed in absolute methanol, stained with Giemsa, and examined under light microscopy. The number of intracellular amastigotes was determined by counting the amastigotes in 100 macrophages per each sample, and the results were expressed as percent of reduction of the infection rate (% IR) in comparison to that of the controls
; (IRTC = infection rate of the treated culture, IRUC = infection rate of the untreated culture)]. The infection rates were obtained by multiplying the percentage of infected macrophages by the number of amastigotes per infected macrophages [30] . The IC 50 value was determined from the lineal concentration-response curves.
Cytotoxicity Assay: Resident macrophages were collected from peritoneal cavities of normal BALB/c mice in icecold RPMI 1640 medium (SIGMA, St. Louis, Mo, USA), supplemented with antibiotics, seeded at 30,000 cells/well and allowed to adhere for 2 h at 37ºC in 5% CO 2 . After non-adherent cells were removed by washing with PBS, dilutions of the essential oils, in 1 μL of DMSO, were added in 200 μL of medium with 10% HFBS and antibiotics. The macrophages were treated with six concentrations of the product and cultures treated with 1 μL of DMSO were included as controls. The cytotoxicity was determined after 3 days of incubation using the colorimetric assay with 3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide (MTT) (SIGMA, St. Louis, MO, USA). MTT solutions were prepared at 5 mg/mL in PBS, filtered and sterilized at the time of use and 15 μL of each solution were added to each well. After incubation for an additional 4 h, the formazan crystals were dissolved by addition of 100 μL of DMSO. The optical density was determined using an EMS Reader MF Version 2.4-0 at a test wavelength of 560 nm and a reference wavelength of 630 nm [31] . The 50% cytotoxic concentration (CC 50 ) was obtained from dose-response curves fit to data by means of the equation for the sigmoidal Emax model. Selectivity indices (SI) were then calculated by dividing the CC 50 for peritoneal macrophages of BALB/c mice by the IC 50 for Leishmania amastigotes [32] .
Statistical Analysis: The data were analysed by outliers proof. The Mann-Whitney test was performed to find significance (P < 0.05) between the groups. The analysis was carried out with STATISTICA Program for Windows, Version 4. 5, 1993. 
